Objective: Vitamin B12 (B12) deficiency is most prevalent among older adults. practice guidelines recommend screening older adults with symptoms of cognitive disorder for B12 deficiency. however, guidelines for non-cognitive psychiatric disorders typically do not mention screening older adults for B12 deficiency. the purpose of this study was to determine whether routine screening of older adult psychiatric inpatients for B12 deficiency, regardless of cognitive symptoms, is clinically justified. Design: We conducted a retrospective chartreview study of consecutive inpatient admissions. Setting: older adult acute psychiatric inpatient unit at the university of Maryland Medical Center from 10/2007-4/2010. Participants: acute psychiatric inpatients aged ≥50 years who met inclusion criteria (n=374). Measurements: Mean (SD) B12 levels and percentages of probable (<180pg/mL) and possible (180-350pg/mL) B12 deficiency as well as characteristics of patients with probable and possible B12 deficiency compared to patients with optimal B12 levels. Results: Mean (SD) B12 levels and percentages of probable and possible B12 deficiency, respectively, for cognitive disorder patients [468 (284) pg/mL, 7.8 % (n=5) and 29.7% (n=19)] and for non-cognitive disorder patients [481(268) pg/mL, 4.8 %(n=15) and 33.2%( n=103)] were not significantly different (t=0.339, df=372, p=0.735; χ2=1.084, df=2, p=0.582, respectively). Conclusion: Considering the potential benefits and low costs of screening and treatment, we conclude that it is justified to routinely screen older adult psychiatric inpatients for B12 deficiency whether or not cognitive disorder symptoms are present.
introduction
Vitamin B12 (B12) deficiency is a common problem in older adults. Depending on criteria and setting 3-40% of older adults are estimated to have B12 deficiency, with the highest rates in institutional settings (1-3). older adults are more prone to deficiency due to food-B12 malabsorption. Causes of malabsorption include: gastrointestinal (gi) pathology (e.g. atrophic gastritis, h. pylori infection), pernicious anemia (pa), and medication effects. Commonly prescribed medications including proton pump inhibitors (ppi) and histamine 2 receptor antagonists (h2 antagonists), which increase gastric ph, and the oral anti-diabetic drug, metformin (4) can reduce B12 absorption.
up to 50% of persons with B12 deficiency have incident neuropsychiatric symptoms which often precede hematological manifestations (5). the active forms of cobalamin (methylcobalamin and adenosylcobalamin) serve as cofactors for enzymes in the cytoplasm and mitochondria. When these metabolic pathways are disrupted by cobalamin deficiency, increased levels of homocysteine (hcy) and methylmalonic acid (MMa) result. elevated levels of hcy are known to be neurotoxic and vasculotoxic, while elevated levels of MMa can cause abnormal fatty acid synthesis affecting the neuronal membrane leading to neuropsychiatric symptoms and possible nervous system structural damage (6-8).
Screening for B12 deficiency in patients with symptoms of cognitive disorders, most often older patients, is common practice. this is reflected in practice guidelines such as the american psychiatric association (apa) practice guidelines on alzheimer's Disease and other Dementias (9). however, our review of the current apa guidelines for the psychiatric evaluation of adults with bipolar disorder, delirium, major depressive disorder and schizophrenia, make no specific mention of screening for serum B12 levels, except when evaluating cognitive symptoms in the context of depression. We undertook this chart review study of vitamin B12 status in patients admitted to the older adult acute psychiatric inpatient unit at the university of Maryland Medical Center in order to determine whether routine screening of all admitted patients, not just patients admitted for acute or chronic cognitive disorders (i.e. Dementia, Delirium, Cognitive Disorder noS), revealed significant numbers of patients who presented with non-cognitive complaints whose serum B12 levels suggested B12 deficiency.
a growing body of case report and epidemiologic literature has demonstrated an association of B12 deficiency with not only cognitive impairment, but also mood and psychotic symptoms (1, 8, 10-14) and treatment outcomes (15) (16) (17) . however, these findings have yet to be translated into changes in practice guidelines. one reason for this is that the clinical utility of screening patients with non-cognitive disorders in various clinical settings, including acute inpatient units, is unclear. this is due to a lack of recent studies using more sensitive cutoff values that have also analyzed B12 levels by in reviewing the literature on B12 levels in psychiatric patients, we found numerous studies performed over the past 50 years (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) , which used various serum B12 cutoff values (100-223pg/mL) to define low B12 status yielding great variation in the rates of low serum B12 levels (0.4-20%). however, there was no study that focused on older adult psychiatric inpatients and the variation in B12 status by cognitive disorder and non-cognitive disorder diagnoses. Furthermore, none of the studies used more sensitive B12 cutoff levels recommended for screening of deficiency prior to the onset of irreversible signs and symptoms (2). Studies in the elderly have recommended not assuming an adequate B12 status unless the screening serum B12 level is ≥350 pg/mL (2, 3). We therefore wanted to know how many patients on our unit could be considered to be at risk for deficiency by using this more sensitive cutoff (<350pg/mL) to define possible B12 deficiency. methods in this retrospective, chart review study, approved by the university of Maryland institutional review Board (irB) we examined the medical records of consecutive admissions to our older adult acute psychiatric inpatient unit at the university of Maryland Medical Center (uMMC) from october 2007 to april 2010. out of 433 patients, 374 met the following inclusion criteria: (1) age ≥ 50 years and (2) available serum B12 level on admission as per the standard admission order set. 48 individuals were excluded due to lack of a serum B12 level on admission, and 11 were excluded for age <50 years.
patients were grouped into two psychiatric disorder categories according to their major axis i disorder requiring inpatient psychiatric admission for acute exacerbation of symptoms: axis i diagnosis of cognitive disorder (dementia, delirium, cognitive disorder noS) or non-cognitive disorder (all other patients) in order to compare B12 status. all diagnoses were made by attending geriatric psychiatrists certified by the american Board of psychiatry and neurology. patients were further categorized in a clinically meaningful way as having probable (B12 serum level<180 pg/mL) and possible (B12 serum level 180-349 pg/mL) B12 deficiency or having optimal B12 status (B12 serum level ≥ 350 pg/mL). the probable and possible B12 deficiency groups were compared to patients with optimal B12 status on the following factors: age; gender; race; psychiatric diagnostic category; presence of gastric disease including gastroesophageal reflux disease (gerD) and peptic ulcer disease (puD); drug interactions that can interfere with B12 absorption including use of ppis, h2 antagonists and metformin; nutritional status assessed by albumin level and body mass index (BMi); and the hematologic indices hematocrit (hCt) and mean corpuscular volume (MCV).
groups were compared on categorical variables by chi square (χ2) tests. For analysis of continuous variables, we used Student's t test, one way analysis of variance (anoVa) and pearson's r. all tests were two-tailed. Statistical significance was set as p≤0.05, and analyses were performed with the aid of SpSS 12.0 (SpSS inc., Chicago, iL).
results
Cognitive and non-cognitive disorder groups did not differ significantly in their mean B12 levels (t=0.339, df=372, p=0.735) nor did they differ in percentages of patients with probable and possible B12 deficiency (χ2=1.084, df=2, p=0.582) as shown in table 1. the relationship of B12 level to age was assessed to determine whether age should be used as a covariate in these analyses, and B12 level was found to not correlate significantly with age (r=-0.066, p=0.202). the diagnostic composition of both cognitive and non-cognitive disorder groups is described in table 2. Characteristics of the total inpatient sample and the sample categorized by serum B12 level are shown in table 3. groups did not differ significantly on variables with the exception that the group of 20 patients with probable B12 deficiency differed significantly from other patients in having a higher rate of peptic ulcer disease (χ2= 92.3, df= 2, p<0.001). 
discussion
We undertook this chart review study primarily to answer an important clinical and economic question: is there value in screening all admissions to an older adult acute psychiatric unit for B12 deficiency regardless of presenting symptoms and diagnosis? We also intended to gain a better understanding of the frequency and factors associated with possible and probable B12 deficiency in this population.
our findings have led us to conclude that our current practice of screening all admissions, regardless of presenting symptoms or diagnosis, is clinically justified. We reached this conclusion, based on the following findings: (1) approximately 38% of patients had relatively low B12 levels in the probable or possible B12 deficiency ranges, placing them at risk for B12 deficiency-related clinical manifestations (2) the prevalence of probable and possible B12 deficiency did not vary significantly according to the presence of cognitive disorder, suggesting that older adults with non-cognitive disorders have a similar risk for deficiency as those with cognitive disorders, and (3) we would have missed about 75% of patients with probable B12 deficiency and 80% of patients with possible B12 deficiency if we had only screened patients with cognitive disorders. given the inexpensive and readily available treatment for B12 deficiency, we therefore recommend screening all psychiatric inpatients age 50 years and older for B12 deficiency. Consideration should be given to including B12 deficiency screening in practice guidelines for mood and psychotic disorders with mention of the higher risk in older patients.
the possible B12 deficiency rates we found are consistent with available prevalence rates that have been documented in the elderly, but are higher than those previously reported in psychiatric patients, as our serum B12 cutoff value for possible deficiency is higher than previous values used to define B12 deficiency. it has been well established that current hospital laboratory parameters for normal range serum B12 levels are not sufficiently sensitive to diagnose deficiency (28), delaying early prevention of deficiency related disease. in the elderly, it has been recommended to use cutoff values of <350pg/mL to raise suspicion for deficiency (2) that would lead to further work up or treatment. our findings suggest that a significant amount of our older adult psychiatric inpatients could be at risk for B12 deficiency with potential for worsening neuropsychiatric symptoms, including treatment resistance or irreversible structural damage.
as observed in this study, the presence of puD in this population should raise awareness for B12 deficiency. possible explanations for this finding are: (1) helicobacter pylori is an important etiologic agent in puD that has been associated with B12 deficiency (29, 30) and (2) treatments for puD including h2 antagonists and ppis can interfere with Cobalamin absorption. We did not find an association of medication use or demographic, hematologic, and nutritional indices with B12 deficiency.
as a retrospective chart review, this study had several limitations. Complete data could not be obtained from all consecutive admissions and no data was available on the use of multivitamin supplements in this cohort. the small number of individuals with probable B12 deficiency and the relatively small percentage of patients with cognitive disorders limited the power of our analyses. in a much larger sample, the slightly higher percentage of cognitive disorder patients with probable B12 deficiency may have achieved statistical significance. additional laboratory studies including methylmalonic acid and 
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